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PYRAMID WAFFLE CORE STRUCTURE AND
METHOD OF FABRICATION

FIELD

This disclosure relates to a pyramid watlle core structure
and a method of fabrication thereof.

BACKGROUND

Acoustic panels and other objects may include acoustic
core structures for acoustic absorption in various applica-
tions. For example, jet engines often include thrust reverser
blocker doors that advantageously include an acoustic struc-
ture to absorb a portion of the noise created by the jet engine.
Other less-demanding applications for acoustic structures
include theaters, broadcasting studios, or oflices. Acoustic
panels typically include a structural honeycomb core modi-
fied for acoustical sound dampening that 1s adhered to a panel,
film, or other portion. The modifications may include the
additional of a septum layer or the filling of some or all of the
cell, for example, and invariably add expense 1n the manutac-
turing process. In addition, although a panel having a honey-
comb core generally provides a high level of stiffness with
respect to transverse loads, such panels provide less than
optimal results when subjected to shear stresses and side-
loading.

Accordingly, there 1s a need for a structural core and
method of forming such core that is less costly and provides
better resistance to shear stresses and side-loading.

SUMMARY

In one aspect, a structural core has a single layer of adjacent
hollow pyramid-like structures. The single layer has at least
two rows of the hollow pyramid-like structures. Each of the
hollow pyramid-like structures has an open base. The hollow
pyramid-like structures may have upward facing bases,
downward facing bases, or alternate upward facing and
downward facing bases. The single layer of hollow pyramid-
like structures may be formed 1n rows and columns of adja-
cent hollow pyramid-like structures. In one further embodi-
ment, the single layer may be formed from a partially porous
matenal. The partially porous material may be one of a woven
thermoplastic, woven carbon fiber, fiberglass and paper. In
another further embodiment, the single layer may be formed
from a solid non-porous material. The solid non-porous mate-
rial may be a metal.

In another aspect, a structural core 1s provided that includes
a plurality of rows bonded together laterally. Each row 1is
formed from two ribbons. Each ribbon has upper and lower
edges forming a zig-zag pattern having an upper point and a
lower point. Each upper point of the zig-zag pattern on the
upper edge 1s directly above an adjacent upper point of the
z1g-zag pattern on the lower edge. Each lower point of the
71g-zag pattern on the upper edge 1s directly above an adjacent
lower point on the lower edge. The two ribbons are bonded
together along bonding lines running from each lower point
of the zig-zag pattern on the upper edge to the two adjacent
upper points of the zig-zag pattern on the lower edge. Each
ribbon has bend lines running from each upper and lower
points of the zig-zag pattern on the upper edge to the adjacent
respective upper and lower points of the zig-zag pattern on the
lower edge. The upper points of the zig-zag pattern on the
upper edge and the lower points of the zig-zag pattern on the
lower edge expand laterally as the two ends of the row are
moved together, forming adjacent hollow pyramid-like struc-
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tures having alternate upward-facing and downward-facing
open bases. The plurality of rows may be bonded together by
bonding vertices of each pyramid-like structure 1n each row to
the adjacent row. The ribbons may be formed from a partially
porous material. The partially porous material may be one of
a woven thermoplastic, woven carbon {fiber, fiberglass and
paper. In another further embodiment, the ribbons may be
formed from a solid non-porous material. The solid non-
porous material may be a metal.

In a still further aspect, a method of forming a structure 1s
provided. A plurality of ribbons are formed. Each ribbon has
upper and lower edges forming a zig-zag pattern having an
upper point and a lower point. Each upper point of the zig-zag
pattern on the upper edge 1s directly above an adjacent upper
point of the zig-zag pattern on the lower edge and each lower
point of the zig-zag pattern on the upper edge 1s directly above
an adjacent lower point on the lower edge. Next, a plurality of
rows are formed. Each row 1s formed from two ribbons
bonded together along bonding lines running from each lower
point of the zig-zag pattern on the upper edge to the two
adjacent upper points of the zig-zag pattern on the lower edge.
Each ribbon has bend lines running from each upper and
lower points of the zig-zag pattern on the upper edge to the
adjacent respective upper and lower points of the zig-zag
pattern on the lower edge. The upper points of the zig-zag
pattern on the upper edge and the lower points of the zig-zag
pattern on the lower edge expand laterally as the two ends of
the row are moved together, forming adjacent hollow pyra-
mid-like structures having alternate upward-facing and
downward-facing open bases. Finally, the plurality of rows
are bonded together laterally to create an acoustic core having
a plurality of rows and columns of adjacent hollow pyramid-
like structures. The bonding step may be performed by bond-
ing vertices of each hollow pyramid-like structures 1n each
row to the adjacent row. In further embodiments, the struc-
tural core may be formed mto a predetermined contoured
shape or a predetermined angled shape. In another further
embodiment, panels may be bonded to a respective upper and
lower surface of the structural core to create a panel structure
including the structural core sandwiched between the two
panels.

The features, functions, and advantages that have been
discussed can be achieved independently in various embodi-
ments or may be combined in yet other embodiments, further
details of which can be seen with reference to the following
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example and not intended to limit the present disclosure
solely thereto, will best be understood 1n conjunction with the
accompanying drawings in which:

FIG. 1 1s a diagram showing a pyramid watlle core accord-
ing to the present disclosure;

FIG. 2 1s a side view of two ribbons used to form a row of
the pyramid waille core according to the present disclosure;

FIGS. 3A and 3B are perspective views showing the for-
mation of rows of the pyramid watlle core according to the
present disclosure;

FIG. 4A1s aperspective view and FI1G. 4B 1s a top view that
both show how three of the rows shown 1n FIGS. 3A and 3B
fit together to form a portion of the pyramid walile core
according to the present disclosure; and
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FIG. 5 1s a side view of a panel including the pyramid
wallle core of the present disclosure.

DETAILED DESCRIPTION

In the present disclosure, like reference numbers refer to
like elements throughout the drawings, which 1llustrate vari-
ous exemplary embodiments of the present disclosure.

Referring now to FIG. 1, a pyramid watlle core structure
100 1s shown according to the present disclosure. Pyramid
wallle core structure 100 1s formed from rows (shown by
dotted line 120) and columns (shown by dotted line 130) of
adjacent hollow pyramid (or nearly pyramid) structures hav-
ing alternate upward facing open bases, e¢.g., pyramid 140,
and downward facing open bases, e.g., pyramid 150. Waille
core structure 100 provides significant benefit over prior
methods, for example filled or partially filled honeycomb
structures, because the pyramid-like structures are all closed-
off without the additional effort required to fill some or all of
the open honeycomb spaces. Furthermore, the adjacent pyra-
mid-like structures provide a truss-like structure that, when
formed into panels as discussed herein, provides strong sup-
port against transverse loads, shear stresses and side-loads.
The pyramid watlle core structure 100 1s shown for 1llustra-
tive purposes and, can include as many rows and columns
necessary to achieve a desired panel width or length, respec-
tively. Further, in alternative embodiments, pyramids with
only upward facing or downward facing open bases may be
provided.

The pyramid waftlle core structure 100 of FI1G. 1 1s formed
by combining a series of rows of hollow pyramid-like struc-
tures, each row aligned along the apex of each hollow pyra-
mid-like structure. Although each pyramid-like structure
forms an apex 1n the embodiment shown 1n FIG. 1, 1n other
alternative embodiments the pyramid-like structure may have
alternative top-most surfaces, for example rounded or flat-
tened tops. Also, in the presently preferred embodiment
shown i1n the Figures, each pyramid-like structure has a
square base but 1n alternative embodiments the base of the
pyramid-like structure may have other shapes. For example,
in alternative embodiments the base of the pyramid-like
structure may be triangular or pentagonal. In the preferred
embodiment, a row of hollow pyramid-like structures 1is
formed from two ribbons 210 shown 1n FIG. 2. The ribbons
210 are formed from a suitable core matenal, for example a
metal (e.g., aluminum), woven thermoplastic, woven carbon
fiber, fiberglass, paper, etc. Although the ribbons 210 may be
formed from any material that can be formed 1n the manner
shown and discussed with respect to FIG. 3A, woven or other
partially porous materials provide better sound absorption
than solid materials, while solid non-porous materials pro-
vide better structural integrity than partially porous materials.
As one of ordinary skill 1n the art will readily recognize, in
certain applications, e.g., a core for acoustical panels, par-
tially porous materials are preferred while 1n other applica-
tions, e.g., structural panels, solid non-porous panels are pre-
terred.

Referring now to FIG. 2, each nbbon 210 has a zig-zag
pattern 1n the upper edge 250 and lower edge 260. Each
ribbon 210 1s folded along mating lines 215 and bend lines
220, and then bonded together along the mating lines 215 on
each ribbon 210, as shown 1n FIG. 3A, to form a row 310. As
one of ordinary skill 1n the art will readily recognize, the
bonding may be done 1n any way appropriate for the material
used to form ribbon 210. After bonding, row 310 1s converted
to a finished row 320 by pressing end 320 and end 330
together until the pyramid 140 with an upward facing open
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4

base and pyramid 150 with a downward facing open base
have the proper shape due to the bend lines 220. In particular,
as the ends move together, the bend lines 220 cause the mnner
vertices of each pyramid to move together until upper edge
335 and lower edge 340 of row 330 each form a flat surface
and each separate open section forms a proper pyramid shape,
as shown 1n FIG. 3B. Each row 310 preferably has an end to
end length, when properly formed as 1n FIG. 3B, equal to, at
least, the desired width or length of the finished panel. Fur-
thermore, the height of each row 310 1s chosen to provide a
particular thickness for the finished pyramid watlle core
structure 100.

Referring now to FIGS. 4A and 4B, a partially assembled
pyramid waille core structure 400 including three rows 410,
411, 412 1s shown. The open ends of the pyramids with the
upward facing bases mate together at the outer edges, e.g.,
pyramid 440 of row 411 has one outer tip that {its between the
extensions of pyramids 420 and 430 of row 410. Once the
rows 410, 411, 412 are pressed together, the upper and lower
edges are Tused together, at least at the vertices of each pyra-
mid base. A portion of the mating edges of rows 410 and 411
are shown by the dotted lines 450 and 460 in FIGS. 4A and
4B. The pyramid wallle cores structure 100 can be easily
modified to form angled or contoured panels. In particular,
one of ordinary skill in the art will readily recognize that
similar methods to those used to create angled or contoured
honeycomb panels may be used. Further, as one of ordinary
skill in the art will readily recognize, the partially assembled
pyramid waftlle core structure 400 shown 1in FIGS. 4A and 4B
can include as many rows needed to achieve the desired panel
length or width. The present structure 100 also provides fur-
ther sound insulation based on the closed-in spaces 470
between each row, e.g., between rows 410 and 411 and
between rows 411 and 412.

Referring now to FIG. 5, a panel 500 according the present
disclosure includes a pyramid wallle core 100 formed 1n
accordance with the foregoing that 1s sandwiched between
outer panels 510, 520. Panels 510, 520 may be formed from a
porous thermoplastic material for acoustical applications or a
solid metal (e.g., aluminum) for structural applications, and
are bonded to the pyramid waftlle core 100 using conventional
techniques, e.g., adhesives. Side panels 330 may also be
included, although 1n some situations may not be necessary.
Side panels 530 are preferably formed from the same material
as panels 510, 520 and are bonded to the pyramid wattle core
100 1n the same manner as panels 510, 520. Panel 500
includes a pyramid watlle core 100 that provides a high level
of stifiness with respect to transverse loads 1 addition to a
high level of resistance to shear stresses and side-loading,
while being less costly to manufacture than prior honeycomb-
based solutions since no additional space-filling steps are
necessary due to the closed nature of the adjacent pyramid-
like structures included 1n each row.

Although the present disclosure has been particularly
shown and described with reference to the preferred embodi-
ments and various aspects thereof, 1t will be appreciated by
those of ordinary skill 1in the art that various changes and
modifications may be made without departing from the spirit
and scope of the disclosure. It 1s intended that the appended
claims be interpreted as including the embodiments described
herein, the alternatives mentioned above, and all equivalents
thereto.

What 1s claimed 1s:

1. A structural core comprising:

a single layer of adjacent hollow pyramid-like structures,

wherein the single layer 1s comprised of at least two rows
of the adjacent hollow pyramid-like structures, each
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pyramid-like structure formed from four faces having
substantially straight edges and having an open base,
cach open base in one of the at least two rows offset with
respect to each open base 1n an adjacent another of the at
least two rows, the edges of each adjacent pyramid-like
structure combining to form a truss-like structure for
providing support against transverse loads applied to the
structural core.

2. The structural core of claim 1, wherein the hollow pyra-
mid-like structures have upward facing open bases.

3. The structural core of claim 1, wherein the hollow pyra-
mid-like structures have downward facing open bases.

4. The structural core of claim 1, wherein the hollow pyra-
mid-like structures have alternate upward facing and down-
ward facing open bases.

5. The structural core of claim 1, wherein the single layer of
hollow pyramid-like structures 1s formed in rows and col-
umns of adjacent hollow pyramid-like structures.

6. The structural core of claim 1, wherein the single layer of
hollow pyramid-like structures 1s formed from a partially
porous material.

7. The structural core of claim 6, wherein the partially
porous material 1s one of a woven thermoplastic, woven car-
bon fiber, fiberglass and paper.

8. The structural core of claim 1, wherein the single layer of
hollow pyramid-like structures 1s formed from a solid non-
porous material.

9. The structural core of claam 8, wherein the solid non-
porous material 1s a metal.

10. A structural core, comprising:

a plurality of rows bonded together laterally, each row
formed from two ribbons, each ribbon having upper and
lower edges forming a zig-zag pattern having an upper
point and a lower point, each upper point of the zig-zag
pattern on the upper edge directly above an adjacent
upper point of the zig-zag pattern on the lower edge and
cach lower point of the zig-zag pattern on the upper edge
directly above an adjacent lower point on the lower edge,
the two ribbons bonded together along bonding lines
running from each lower point of the zig-zag pattern on
the upper edge to the two adjacent upper points of the
z1g-zag pattern on the lower edge, each ribbon having
bend lines running from each upper and lower points of
the z1g-zag pattern on the upper edge to the adjacent
respective upper and lower points of the zig-zag pattern
on the lower edge, wherein the upper points of the zig-
zag pattern on the upper edge and the lower points of the
z1g-zag pattern on the lower edge expand laterally as the
two ends of the row are moved together, forming adja-
cent hollow pyramid-like structures having alternate
upward-facing and downward-facing open bases, each

hollow pyramid-like structure formed from four faces
having substantially straight edges, each open base in
one of the plurality of rows ofiset with respect to each
open base 1n an adjacent another of plurality of rows, the
edges of each adjacent pyramid-like structure combin-
ing to form a truss-like structure for providing support
against transverse loads applied to the structural core.

11. The structural core of claim 10, wherein the plurality of

rows are bonded together by bonding vertices of each

5

10

15

20

25

30

35

40

45

50

55

6

upward-facing and downward-facing hollow pyramid-like
structures 1n each row to the adjacent row.

12. The structural core of claim 10, wherein the ribbons are
formed from a partially porous material.

13. The structural core of claim 12, wherein the partially
porous material 1s one ol a woven thermoplastic, woven car-
bon fiber, fiberglass and paper.

14. The structural core of claim 10, wherein the ribbons are
formed from a solid non-porous material.

15. The structural core of claim 14, wherein the solid
non-porous material 1s a metal.

16. A method of forming a structure, comprising the steps
of:

forming a plurality of ribbons, each ribbon having upper

and lower edges forming a zig-zag pattern having an
upper point and a lower point, each upper point of the
z1g-zag pattern on the upper edge directly above an
adjacent upper point of the zig-zag pattern on the lower
edge and each lower point of the zig-zag pattern on the
upper edge directly above an adjacent lower point on the
lower edge;

forming a plurality of rows, each row formed from two

ribbons bonded together along bonding lines runming
from each lower point of the zig-zag pattern on the upper
edge to the two adjacent upper points of the zig-zag
pattern on the lower edge, each ribbon having bend lines
running from each upper and lower points of the zig-zag
pattern on the upper edge to the adjacent respective
upper and lower points of the zig-zag pattern on the
lower edge, wherein the upper points of the zig-zag
pattern on the upper edge and the lower points of the
z1g-zag pattern on the lower edge expand laterally as the
two ends of the row are moved together, forming adja-
cent hollow pyramid-like structures having alternate
upward-facing and downward-facing open bases, each
hollow pyramid-like structure formed from four faces
having substantially straight edges, each open base in
one of the plurality of rows ofiset with respect to each
open base 1n an adjacent another of the plurality of rows,
the edges of each adjacent pyramid-like structure com-
bining to form a truss-like structure for providing sup-
port against transverse loads applied to the structure; and
bonding the plurality of rows together laterally to create a
structural core having a plurality of rows and columns of
adjacent hollow pyramid-like structures.

17. The method of claim 16, wherein the bonding step 1s
performed by bonding vertices of each hollow pyramid-like
structure 1n each row to the adjacent row.

18. The method of claim 16, further comprising the step of
forming the structural core mto a predetermined contoured
shape.

19. The method of claim 16, further comprising the step of
forming the structural core into a predetermined angled
shape.

20. The method of claim 16, further comprising the step of
bonding panels to a respective upper and lower surface of the
structural core to create a panel structure including the struc-
tural core sandwiched between the two panels.
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